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Abstract 
In this paper an experimental study of Kaiser memory lasting for materials with different grain size and homogeneity grade was 
carried out. The results show that greater the homogeneity grade lower the memory lasting, for instance, in gypsum samples the 
stress memory lasts just a few hours, for concrete samples, the duration of Kaiser memory reaches up to 10 days.
PACS: 68.35 Gy; 68.60 Bs 
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1. Introduction  
The Acoustic Emission (AE) is a non invasive well established NDT technique. However, some aspects of AE 
are still not well understood, limiting their applicability. One of the most interesting features of AE is its potentiality 
in the assessing of stress state undergoes for non homogenous materials; it is the denominated Kaiser effect. 
An acoustic emission (AE) is a transient elastic wave generated in stressed materials. The wave is originated by 
the release of elastic energy through different sources. The AE activity in brittle materials is the result of 
dislocations and cracks growth into the material [1, 2]. The AE are elastic waves propagating in all directions with 
directivities depending on the source nature [3]. 
The Kaiser effect (KE) appears when the stress on solid materials is relaxed from a certain level and then 
increased, there is a significant increase in the rate of acoustic emission as the stress exceeds its previous higher 
value. In the simplest case of uniaxial loading AE appears when the current cycle of load reach the peak of stress 
applied before. In other words, the acoustic emission is close to background level so long as the stress remains 
below the largest previously reached stress value (memorized peak), from this point the AE activity increases 
dramatically. Preliminary studies have been established that the stress memory has some properties similar to the 
Human memory [4], for instance it disappears if the time elapsed from the last load cycle is too much larger. More 
the time delay between successive loading cycle results less the quality of the KE. For gneiss, schist, carbonate, 
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mudstone, limestone, and sandstone, it have been reported that the KE disappear completely when the time delay
between the cycles was more than 1000 hours. In a brittle rock, like Granite, Kaiser effect was well pronounced after
a 50 days time delay [5]. The conclusions obtained with respect how long the stress memory can be retained are still 
contradictory. Seto & Utagawa detected KE in sandstones after a delay up to 2 years [6]. Currently the KE is
considered a measure of damage in rocks, because the AE events are related with the irreversible behavior of
material (microcraks and collapse of internal pores) [7].
In this paper a research devoted to study of memory effect in composites is presented. First of all experiments
devoted to establish if it is possible to build materials without stress memory was carried out. Of course, these
materials never have been experienced any kind of load even during its construction. In addition, a study of time
lapse enough to erase the memory effect was realized. In a first stage, composite samples made with different
cements were built and tested, if the samples do not present Kaiser Effect, it was undergoes to controlled load 
process. Afterwards Kaiser experiments were conducted establishing the Kaiser effect lasting for these materials.
2. Material and Method
Cylindrical test tubes made of concrete and gypsum was employed to produce KE in laboratory samples. To build
the concrete samples, the Chilean norm of construction was followed [8]. The concrete samples were done with a 
mixture of sand, cement, and water used in the relation 6:2:1 respectively. The grain size of sand varies between 0.6
– 2.36 [mm]. The samples were build filling molds made of PVC, 45 mm of inner diameter, 50 mm of external
diameter and 100 mm high. The PVC molds, filled with the prepared pulp, are left stand in cure during 28 days,
immersed in water at 20 [°C]. The gypsum samples are made with ready-mix powder and water in a proportion 4:7,
with this pulp PVC molds of same characteristics of used for concrete were filled. The gypsum test tubes cure after 
one week reaching the ambient moisture and its characteristic white color. All samples are cylinders 90 [mm] in
length and 45 [mm] in diameters.
The samples were compressed in an especially designed frame equipped with a hydraulic press allowing a
maximum load of 15 [ton]. The AE sensors are coupled with the sample surface with solid vaseline. The detection
chain consist of a differential piezoelectric transducer connected to a pre-amplifier with programmable gain of 20,
40 or 60 dB, and a measuring amplifier with a programmable gain from 0 to 41 dB in 3 dB steps. An acquisition
board sampling at 2 MS/sec stores the information in a computer (figure 1). The pre-amplifier and the amplifier
were configured to gains of 40 and 16 dB respectively. The applied stress is measured using a load cell, the load cell
consist of a hollow cylinder of steel with 4 strain gage mounted in it. Two of the center lines of the strain gauge are 
in plain with the line representing the cylinder equatorial plane and, two are perpendiculars, the stamps with the
same orientation are faced. To process the signals a digital band pass filter going from 100 to 250 [kHz] was used.
In the figure 1 block diagram of experimental set-up it is shown. The figure 2.a shows a detail of stress system. The 
figure 2.b shows some of the tested test tubes. 
Fig.1 Block diagram of experimental set-up.
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(a) (b)
Fig.2  a) Experimental set up to stress experiments, b) concrete and gypsum samples
To obtain the stress-axial strain curve of laboratory samples, a press AD-ADABOR it was used. The samples are 
compressed at a loading rate of 0.1 [MPa/s] measuring simultaneously the test tube deformation and the applied
stress, the total applied stress goes up to 40 [MPa]. 
3. Results
It is well known that the fracture process in brittle materials can be divided in different stages based in the
behavior of the stress – strain curve. It was demonstrated that the fracture process in rocks [1, 2] present the
following well defines stages, the first one corresponds to a zone where the relation strain stress is mainly linear, it
was hypothesized that in this stress range the rock pores start to diminish (crack closure) and the material became
stronger than the original. In the second stage the relationship between stress and strain its quasi linear. In the third
stage crack initiation and stable crack growth it is produced. In the four stage critical energy release and unstable
crack growth appears, increasing the applied stress finally failure and catastrophic damage it is produced [2, 9, 10].
In the figure 3 stress – strain curve in concrete samples it is shown, in it can be identified the different stages
commented previously. 
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Fig.3  Stress – axial strain curve for concrete samples.
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In the Table 1 the propagation velocity values for longitudinal and shear waves and some mechanical
characteristic of built samples are presented. Additionally, the samples porosity was determinate using the Buoyancy
method [10]. The porosity of concrete samples is similar to the porosity of sedimentary rocks like sandstones and
limestones. The porosity of gypsum test tubes were measures with the buoyancy method, because the gypsum can
be solved in water, the water was replaced by hydraulic oil. The obtained porosity was similar to the tuffs, rocks
highly porous [11].
Table 1 Samples characteristics
VL [m/s] VT [m/s] ȡ [Kg/m3] E [GPa] Ȟ Porosity [%]
Concrete 3950 2360 2160 29.4 0.22 15.1
Gypsum 2323 1410 1220 5.8 0.20 39.1
3.1. Characterization AE activity in composites
To know the AE response of concrete and gypsum the cylindrical samples obtained with the method ahead
described were uniaxially compressed until they reach the critical failure. It can be observed that the cumulative
count of AE for the two kinds of samples remains relatively constant until the 75 - 80 % of the strength was reached,
at this point the AE activity increases. In the case of concrete this increasing can be related with the increasing of
micro cracks density into material (figure 4a). The gypsum has a short plastic zone before the critical failure [12],
[13]; it can be related with a strong increase in the number of AE events at pressures close to the critical failure. A
difference of the concrete, the gypsum test tubes are fractured almost immediately after the elastic stress-strain zone
is finished, generating AE events of high amplitude. In the accumulative count of AE curve it can be appreciated
that the Kaiser effect is not present on the first load cycle (figure 4b). A smooth increasing in the count rate for the
non-linear zone can be appreciated, but it is impossible to identifier the suddenly change in the slope of two almost
linear zones characteristic of Kaiser Effect. This is an experimental demonstration that it is possible to build
laboratory test tubes without stress memory. It is to be noted that for the gypsum samples an increasing in the AE
counts can be observed, mainly because the applied stress is close to critical failure.
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Fig.4  AE activity in a) concrete samples, b) gypsum samples.
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To study the Kaiser effect in concrete and gypsum samples, two consecutives load cycles were applied the first
one to produce the Kaiser effect, the second one to detect it. In the second load cycle, the pressure was increased at 
least up to 50 % more than in the first one. In the figure 5 the acoustic emission rates for both cycles are shown, it 
can be appreciated that effectively in the second cycle the KE it is observed.
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Fig.5 Two consecutives load cycles applied in a) concrete sample, b) gypsum sample
According to our experimental results, the Kaiser effect is detectable both concrete and gypsum, if the pre-load
(first load cycle) is within of a certain range that goes from 10 to 70 % of the material strength. This range coincides
with lineal zone of the curves of accumulative counts of AE (figure 4). At pre-load levels lower than 10% of 
strength the AE rate present values very near from the “normal one”, in other words KE do not appears. A study
made by Kent [14] in granite shows that is difficult to distinguish the KE at lower pressures because the AE activity
generated by void closure within the sample can to mask the phenomena. This characteristic is common on porous
rocks and/or samples with high degree of “damage” [14]. At high load levels, close to critical fracture level (about
70% of strength), it is complicated distinguish if the increases of AE rate is generated by the Kaiser effect or it
comes from the multiple coalescence of cracks [15]. 
3.2. Tests for Stress Memory lasting
To produce KE, the build samples of composite materials were subjected to different load levels 14 -17 [MPa] for
concrete, and 5-7 [MPa] for gypsum during 15 [min] (figure 6a). After this load process the samples were left 
standing different time lapses going from a couple of hours to three weeks. Afterwards KE tests were carried out, to
improve the statistical significance of obtained data, the test was repeated between 3 to 4 times in each case, always
using virgin test tubes.
a)
b)
Fig.6  Experimental Procedure. a) Typical load test performed, b) Experimental procedure based in technique proposed for Seto (1997).
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For times delays over 8 hours, some concrete samples, that did not show KE in the second load cycle, were
subjected to a third load cycle, in this cycle a charge at a load level equal to the maxim of last cycle was reached
(figure 6b). For long values of time delay between cycles, the KE is masked by elastic compactions and rearranging
movements into the material that makes their detection difficult [7], [16]. The third cycle allows, in some cases, to 
detect the KE (figure 7c, 7d, 7e).
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Fig.7 Curve accumulative AE counts versus stress for concrete samples at varying time delays between first and second load cycle. a) 1 minute,
b) 2 hours, c) 8 hours, d) 1 day, e) 7 days, f) 14 days.
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Fig.8 Curve accumulative AE counts versus stress in gypsum samples varying time delay between first and second load cycle. a) 5 minutes, b) 80 
minutes, c) 1 day.
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The data in figure 7 shows that the KE depends critically from time delay between load cycles. For shorts 
delays times the KE is apparent (figure 7a, 7b, 8a). More the time elapses from the load process more difficult the 
KE detection. The KE disappears approximately after 14 days of left standing in concrete (figure 7f). In the same 
way, for gypsum test tubes, the KE lasts only a couple of hours, for times greater of 6 hours the effect disappeared 
completely (figure 8c). The resume of experimental results it is shown in table 2. 
Table 2 Kaiser effect evaluation at varying time delay magnitudes for concrete and gypsum samples.
Concrete Samples Gypsum samples 
Time delay Kaiser effect visible (number) Time delay Kaiser effect visible (number) 
1 min Yes (3 of 3 samples) 1 min Yes (3 of 3 samples) 
2 hours Yes (2 of 3 samples) 30 min Yes (2 of 3 samples) 
4 hours Yes (2 of 4 samples) 60 min Yes (3 of 4 samples) 
8 hours Yes (3 of 3 samples) 80 min Yes (2 of 3 samples) 
1 day Yes (2 of 4 samples) 2 hours Yes (1 of 2 samples) 
3 days Yes (3 of 3 samples) 6 hours Yes (1 of 3 samples) 
7 days Yes (3 of 4 samples) 1 day No (0 of 3 samples) 
10 days Yes (1 of 1 samples) 
14 days No (0 of 3 samples) 
21 days Yes (1 of 3 samples) 
4.  Conclusions 
The results shown in this paper support the hypothesis that Kaiser effect is actually produced by a stress 
undergoes by materials. 
To produce Kaiser effect it is enough that the materials are subjected to a uniaxially stress process. 
It is possible to build laboratory samples that initially do not present Kaiser effect. This can be a useful tool to 
study the basic mechanism that produces this effect. 
For concrete and gypsum the KE can be easily detected if the level of pre-load is between 10 – 70 % of strength. 
Experimentally found that the maxim duration of stress memory in concrete samples with a grain size between 
0.6 – 2.36 [mm] is approach of 10-14 days. In the gypsum test tubes the KE is detected during a 2 – 6 hours. 
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